Objectives Excessive gestational weight gain (GWG) is associated with higher body mass index (BMI) later in life. Increased BMI is associated with health problems, but there is limited evidence linking GWG directly to later health in black women. We examined the association between GWG and health conditions 18 years after a first birth. Methods This study was a secondary data analysis of 467 urban black women, enrolled during pregnancy (1990)(1991). GWG was the difference between self-reported pre-pregnancy weight and measured weight at delivery. Hypertension, diabetes, obesity, and self-reported health were assessed with self-report and measurements of blood pressure, height, and weight, approximately 18 years after first childbirth. Results Higher pre-pregnancy BMI was associated with increased probability of each health condition. Higher GWG was associated with hypertension for women with a pre-pregnancy BMI under 21.3 kg/m 2 (P \ .05) and obesity for women with a pre-pregnancy BMI under 25.9 kg/ m 2 (P \ .05). Diabetes and poor health were not associated with GWG.
Introduction
Excessive gestational weight gain (GWG) is a risk factor for greater body mass index (BMI) for the mother in later years [1, 2] and is defined as gaining above the Institute of Medicine (IOM) guidelines [3] . The association between excessive GWG and later BMI is strongest in urban black women who were adolescents during their first pregnancy [4] [5] [6] . Black women are at greater risk of postpartum weight retention than white women [7] . In black women parity has been associated with increased BMI 10 years later, as opposed to white and Hispanic women for whom only a first birth was associated with increased BMI [8] .
Greater BMI is a concern, because chronic medical disorders are associated with overweight and obesity including hypertension, diabetes mellitus, and hyperlipidemia [9, 10] . Obesity also contributes to poor self-reported health status [11] and to an increased risk of mortality [12] , primarily due to cardiovascular disease [13] . Childbearing has been associated with development of metabolic syndrome [14] . For adolescents, childbearing has contributed to persistent atherogenic lipid profiles up to 10 years after birth of a first child [15] . However, childbearing was not associated with risk of diabetes up to 20 years later in women with normal glucose tolerance during pregnancy [16] .
Less is known about the effect of excessive GWG on long-term health outcomes than the effects of childbearing in general. Excessive GWG has been associated with higher mean blood pressure (BP) 16 years after pregnancy [17] . However, in a longitudinal study that adjusted for prepregnancy BMI, BP was lower in women up to 20 years following a first birth compared to women with no births [18] . In another study, disease 15 years later has been predicted by pre-pregnancy BMI, failure to lose weight following pregnancy, and continued weight gain, but not GWG [19] .
Although chronic medical disorders are associated with obesity, it is less clear if they are associated directly with excessive GWG. Combining the known association between GWG and later BMI with the associations between BMI and health outcomes, we hypothesized that greater GWG is associated with greater risks of hypertension, diabetes, obesity and poor self-reported health.
Materials and Methods
Data on 467 women who participated in the New Mother's Study in Memphis, TN in 1990-1991 were examined [20] . This randomized controlled trial tested the efficacy of a home visiting model, which is now known as the NurseFamily Partnership, in a low-income urban population. Pregnant women with no previous live births were eligible to enroll if they were no more than 28 weeks pregnant and had two of the three following risk factors: unmarried, less than high school education, and unemployed. Women were excluded if they had any chronic medical problems that could contribute to fetal growth retardation or preterm birth, including hypertension prior to enrollment, because a study objective was to improve birth outcomes for babies of healthy women. Two arms of the original study have been followed over the past 20 years for periodic interviews. The intervention improved a variety of outcomes for mothers and their children, ranging from mother's spacing of subsequent pregnancies [20] to child academic achievement [21] . The study was approved by the University of Rochester institutional review board.
For these analyses, the sample was limited to black women (92 %) because differences between races with respect to GWG and health outcomes were expected [22, 23] and the white sample was too small to analyze separately. At randomization, the intervention group included 205 black pregnant women and the control group included 474 black pregnant women. Women with premature deliveries (gestational age B37 weeks) were excluded from these analyses because GWG would be less than if they delivered at-term. There were a total of 560 full-term births. Of these, 9 mothers (1.6 %) died by the time of the 18-year follow-up interview. Data were available for 467 subjects (85 %) for these analyses.
Dependent Variables
Three health conditions (hypertension, diabetes, and obesity) and self-reported health 18 years after the birth of the first child were used as outcomes. Women were asked if they had ''ever been told that you have any of the following'' and presented with a list of 23 conditions, including diabetes and high BP. Diabetes was determined by a ''yes'' on this question for diabetes. Hypertension was defined as ''yes'' on this question for high BP and/or a measured BP C140 mmHg for systolic or 90 mmHg for diastolic. Self-reported hypertension [24, 25] and diabetes [26, 27] have been found to be reliable and well correlated with clinical measures. Obesity was defined as BMI C30 kg/m 2 , calculated from measured weight and height. Women were asked to rate their health status on a 5-point scale (Excellent, Very good, Good, Fair, Poor) using an established item [28] . Responses were collapsed into a dichotomous measure of Fair/Poor vs. Excellent/ Very Good/Good, following a common [29, 30] and efficient [31] practice. Self-reported health is associated with mortality [29, 30] , has been widely used for research [32] [33] [34] , and is a global measure of health [35] .
Independent Variables
GWG was calculated from the mother's self-reported prepregnancy weight and measured weight at time of delivery. Self-reported weight is a valid estimate of pre-pregnant weight [36, 37] , although it is less accurate for overweight women who tend to underreport their weight. GWG was used as a continuous variable in our primary analyses in order to preserve information and identify any health outcome differences with incremental increases in BMI. We explored categories of GWG as defined by IOM guidelines: (a) underweight; 28-40 pounds; (b) normal weight; 25-35 pounds; (c) overweight; 15-25 pounds and (d) obese; 11-20 pounds [3] . Under and over gain were defined as gaining less or more, respectively, than the recommended range. The current 2009 guidelines were used to ensure relevance of the findings to current practice, similarly to recent publications.
Covariates
Pre-pregnancy BMI was included to determine the independent impact of GWG. Maternal age at estimated conception was used to control for weight gain over the lifespan and developmental differences due to the high proportion of adolescent mothers, and provides the best proxy for inception of pregnancy weight gain. Time from enrollment to interview captures the variation in interview timing and is included because this impacts the mother's age at the interview, as well as the time between pregnancy and interview. Parity (number of live births) was included, because additional pregnancies potentially influence weight. Socioeconomic status (SES) was measured by the percent of months the mother was supported by Aid to Families with Dependent Children from program enrollment until the 18-year interview, using data across all interviews. Smoking history was collapsed into three variables using data across all interviews: no smoking reported; ever reported heavy smoking (C20 cigarettes per day [38] ), or ever reported smoking but never reported heavy smoking.
Analysis
The associations between GWG and health outcomes were estimated using multivariable logistic regression. Covariates described above were included in all models. An interaction between GWG and pre-pregnancy BMI was tested, because recommended GWG is dependent on prepregnancy BMI [3] . Average marginal effects of GWG on the outcomes were calculated across the BMI range (i.e., the predicted increase in probability of having each outcome for each additional pound of GWG, calculated at various levels of pre-pregnancy BMI and average values for all other covariates).
Data on GWG were missing for 7.1 % of women in this sample, due to missing pre-pregnancy BMI, GWG, or both. Data were missing for 5 % or fewer women on other covariates. Therefore, multiple imputation by chained equations was conducted. Ten imputations were chosen based on the percentage of missing data [39] . No outcomes were imputed.
Sensitivity Analyses
Analyses were repeated excluding two mothers who had very high BMI at intake ([48 kg/m 2 ), which is 5 standard deviations greater than the mean, and repeated for six mothers with intake BMIs in Obesity Class III (C40 kg/ m 2 ). Women in this highest obesity category are at risk for multiple health problems and their pre-pregnancy BMI is associated with CVD and all-cause mortality regardless of GWG [40] . Analyses were also repeated including the intervention as a covariate, because nurse home visitors encouraged healthy eating, which potentially could affect GWG and other health behaviors. There were no substantial changes to the results from these analyses.
Mediation Analyses
To determine if concurrent and recent BMI were associated with health outcomes, we analyzed models including BMI at years 12 and 18. Because these two BMIs were strongly correlated (P \ .001), we did not include both in the same model. We tested each of these BMIs as mediators between GWG and later health outcomes, using the Sobel Test to test the significance of the indirect path (GWG to later BMI to health outcomes) [41] .
Results
Only 33 % of the women gained appropriately per the 2009 IOM guidelines: 39 % gained above the current guidelines and 27 % gained less (Table 1) . Of mothers with normal pre-pregnancy BMI, 35 % over gained and 31 % under gained. Of underweight mothers, 20 % over gained and 37 % under gained. Of overweight mothers, 57 % over gained and 10 % under gained. Of obese mothers, 64 % over gained and 20 % under gained. The majority (59 %) had hypertension at the 18-year interview (self-report of diagnosis only: 9 %, measured high BP only: 25 %, or both: 25 %). At 18 years, 60 % were obese. Obesity at 18 years was correlated with hypertension (P \ .001) and fair/poor health (P \ .006), but not diabetes (P \ .35). Poor/fair health was also correlated with hypertension (P \ .001) and diabetes (P \ .002).
Pre-pregnancy BMI was consistently associated with later health outcomes. Figure 1 illustrates the increasing prevalence of each health condition with increasing prepregnancy BMI. In bivariate analyses, 51 % of women normal weight prior to pregnancy had hypertension later, while 89 % of obese women had hypertension (P \ .001). Similar trends were seen with diabetes (5.6 vs. 23 %, P \ .001), obesity (57 vs. 93 %, P \ .001), and poor health (25 vs. 40 %, P \ .03). These associations persisted in multivariate analyses (Table 2) .
GWG was directly associated with obesity (OR: 1.04; 95 % confidence interval: 1.02, 1.06), but no other health outcomes. However, when an interaction between GWG and pre-pregnancy BMI was included, the average marginal effect of GWG on hypertension and obesity was significant for certain pre-pregnancy BMI ranges (Fig. 2) . The effect of GWG on hypertension was greater for women with a pre-pregnancy BMI under 21.3 kg/m 2 and the effect of GWG on obesity was greater for women with a prepregnancy BMI \25.9 kg/m 2 (P \ .05). The effect of GWG on diabetes or poor health did not vary by prepregnancy BMI (Fig. 2 , Panels B and C).
When GWG was included as a categorical variable (i.e. under gain, appropriate gain, over-gain), pre-pregnancy BMI remained a significant predictor of each health outcome and GWG remained a predictor of obesity (Supplemental Table  A ). The interaction between GWG and pre-pregnancy BMI did not improve model fit in any models with GWG as a categorical variable, and is therefore not included.
BMI at 12 and 18 years post-pregnancy was associated with hypertension: BMI explained 24 % (not significant for mediation) and 34 % (P \ .03 for mediation) of the total effect of GWG on hypertension respectively (Table 3) . BMI at 12 years was also associated with obesity at 18 years and explained 49 % (P \ .004 for mediation) of the total effect of GWG on obesity. 
Discussion
The aim of this study was to combine the association between GWG and later BMI with associations between BMI and health outcomes. Our results support an association between pre-pregnancy BMI and hypertension, diabetes, obesity, and poor self-reported health 18 years after the birth of a first child in urban black mothers. GWG was directly associated with obesity. Body mass index at 18 years mediated the association between GWG and hypertension, and BMI at 12 years mediated the association between GWG and obesity. An interaction between GWG and pre-pregnancy BMI revealed that GWG had different effects on hypertension and obesity for different prepregnant BMI ranges. An association of pre-pregnancy BMI with increased risk of long-term health outcomes is consistent with other studies [17, 19] . Pre-pregnancy BMI has been associated with long-term weight retention post-pregnancy [4, 5, 8, 42] . Multiple explanations have been proposed to explain this effect. First, women with high BMIs are more likely to gain excessively [8, 17, 43] . Second, these women could habitually engage in lifestyle activities detrimental to maintaining a normal body weight that continue across the lifespan [17] . Third, a genetic predisposition to gaining excessively could be a factor [44, 45] . The genetic contribution to obesity is complex and little is known about mechanisms that lead to expression of obesity [46] . Finally, there may be epigenetic effects stemming from the in utero environment of their mothers that increase their obesity risk [47] .
Excessive GWG contributing to obesity risk is also consistent with other studies [1-3, 8, 42] and has been previously reported for adolescents in our sample [5] . The interaction between GWG and pre-pregnancy BMI indicates a there is a greater increase in hypertension for those with lower pre-pregnancy BMIs compared to those who with higher BMIs. Fraser et al. [17] reported gaining above recommendations was associated with higher BP 16 years later. Conversely, Rooney et al. [19] found a linear effect of increased hypertension with higher BMI 15 years post childbirth. Our sample differed from both of these studies in that it only included primiparous poor black women and 60 % were obese by year 18, compared to 30 % in Rooney et al.'s white, primarily middle-class sample.
More women over gained as the BMI category changed from underweight to obese in our sample. This pattern differs somewhat from three large studies that reported an increase in number who over gained from underweight to overweight categories, but a decrease between the overweight and obese categories [48, 49] . Of the women in this sample, fewer over-gained (39 studies where nearly 50 % [43] or more [49] women overgained. This could be reflective of guideline differences in effect when these women were pregnant. Our sample differed from these studies in that it included only AfricanAmerican women. The finding that normal weight women with higher GWG experience a greater negative health impact than women who start out at higher weights has major clinical implications. One potential explanation is that GWG recommendations for normal weight women are higher than for overweight or obese women. If over gain occurs in normal weight women, a higher amount of GWG occurs than if overweight/obese women over gain, which could contribute to long-term weight retention and differences in health effects compared to the heavier women. Relative weight gain could also explain this finding: An equivalent amount of GWG in normal weight compared to obese woman is proportionally more for the normal weight woman. There could be a threshold effect of weight impact on health outcomes, where additional weight gain above some BMI does not substantially increase health risks. This is supported by our finding that 89 % of obese women developed hypertension later. It is conceivable that the risk of hypertension from high BMI early in life is so great that GWG does not make a substantial additional impact on this risk. Targeting the GWG of normal weight women to prevent later hypertension requires further evaluation. Our findings differ from Gunderson [18] where there was a slight decrease in repeated measures of BP for women following pregnancy compared to nulliparous women, although findings were less pronounced for black women. Our sample did not include women who were nulliparous for comparison, nor did we have repeated measures of BP.
The effect of GWG on diabetes was non-significant in this sample. Childbearing was not associated with increased risk of diabetes up to 20 years later in women with normal glucose tolerance during pregnancy in another study [16] . We did not assess a measure of glucose tolerance during pregnancy. The lack of significance could be due to the low prevalence of diabetes in these women, which limits the statistical power to detect effects. Although women in this sample had higher prevalence of diabetes than the general population of a similar age and/or race, the numbers are limited. Lifetime risk of diabetes increases with increasing BMI and the younger the age at which someone becomes obese [50] . The majority of women in this sample had a mean BMI in the overweight category 6-years post-delivery of their first child when they were in their 20's [4] , which would increase their diabetes risk. However, at the time of this study they were relatively young with an average age of 36 years. Diabetes was likely for those with high pre-pregnancy BMI (86 % with a BMI between 35 and 40 kg/m 2 developed diabetes), suggesting a threshold effect similar to that proposed for hypertension.
The disease burden in this cohort of women is striking. At an average age of 36 years, the prevalence of [51] . The prevalence of obesity was similar in this sample (60 %) compared to the national average for black women over 20 years old (57.2 %) [51] . These women were all primiparous at study enrollment, although most had subsequent pregnancies. Parity had no effect on BMI 12 and 18 years post-delivery of a first child. This is consistent with studies that indicate a first pregnancy is of greater import than subsequent pregnancies on weight retention [52, 53] . Primiparous women gain more weight during pregnancy than multiparous women, which would contribute to risk of postpartum weight retention and subsequent obesity [54] . Yet, an association of parity with increased BMI 10 years later in black women (not white or Hispanic women) has been reported [8] . An association between parity and weight in black women that is non-linear and most significant at a parity of one has also been reported [55] .
The strength of this study is homogeneity and longevity of this sample. The population of urban black women is not as commonly studied as the general population and has disproportionate disease burden [23] . In addition, it was not necessary to control for common demographic variables and it is less likely that confounding factors impacted our findings due to the similarities between the women. However, the findings should not be generalized to other populations without further study. In populations with lower disease burden, women may need to be followed to older ages to replicate these findings. The retention rate in this study is high compared to many longitudinal studies.
Nevertheless, there are several limitations. Self-report of hypertension and diabetes has been found to be reliable and correlated to clinical measures. However, there is the risk of under reporting due to lack of diagnosis or the mother's lack of knowledge and recall regarding her own diagnoses. There is also a risk of over reporting if a woman has noted physical symptoms that she surmises are reflective of a particular disease. In addition, hypertension and diabetes were only reported as present or not, so we were unable to determine GWG impact on disease severity. Although a single measurement of BP is not diagnostic of hypertension, it screens for possible hypertension and 50 % of those with elevated BP reported diagnosed hypertension. Pre-pregnancy weight was self-reported, which introduces error to the estimation of GWG with the result that it may be overestimated due to underreporting of actual weight. The GWG data is from the early 1990's and likely reflects a clinical approach to GWG focused on increasing GWG to decrease low birth weight infants. However, this limitation is unavoidable, because long-term effects can only be assessed years after prenatal care. Data were not available on weight loss following pregnancy; those who return to their pre-pregnancy weight may be less likely to develop poor health outcomes than those who retain weight gained during pregnancy. Data on diet and physical activity were not available, but would be useful additions to future studies.
This study provides long-term evidence regarding the health of the mother and suggests that the effects of GWG may be problematic. Other recent literature provides evidence of worse long-term outcomes for children when mothers either under gained or over gained during pregnancy [56] . Optimal GWG is a complex issue due to its association with short-and long-term outcomes for both the mother and her child. Pregnancy weight gain may impact maternal health status in low-income minority women for years following a pregnancy, especially for normal weight women in terms of hypertension and obesity. Limiting GWG during pregnancy may have further reaching effects on health beyond weight status.
